Objective: Analysis of risk factors for falls through a detailed geriatric evaluation is essential. The aim of the present study was to analyze prognostic factors for falls in elderly patients in Spain.
b4. Social assessment (presence/absence of caregiver, housing situation, social relationships); c) evaluation of cardiovascular, neurological and musculoskeletal systems; d) ophthalmological examination; e) assessment of balance and gait; f) environmental assessment; g) specific complementary examinations: blood count, glycemia, ions, thyroid hormones, vitamin D, EKG, among others.
With regards to the assessment of balance and gait, although the Tinetti test was initially validated to predict the risk of falls, however, in daily clinical practice the test timed up and go (TUG) is currently used (14) . This test presents a high correlation with the speed of the march, it is much easier to carry out, requires less time and has a strong correlation with Tinetti test (15, 16) .
In 2009 the "Comprehensive Plan for elderly individuals ≥80 years of age who live alone and/or with a relative with a similar age" was implemented in our center. The results of a preliminary study showed that: a) the most common locations of falls are corridor, bathroom, living room, bedroom and elevators; b) the risk of falls increases with the degree of dependence; c) The degree of dependence correlates with the results of the TUG test.
Based on those results, the present study was designed to analyze the frequency and factors involved (including the TUG, Lobo, Lawton-Brody and Barthel tests) in the risk of falls in elderly patients living alone and/or with a relative of similar age in the province of Cádiz, Spain.
Materials and Methods

Study Design
The study was conducted in Unidad de Gestión Clínica "La Laguna", Cadiz, Spain and was approved by the relevant health authorities and ethic committees. The study consisted of an initial phase (2013) and a final phase (2017): a) Initial phase: transverse observational study. Inclusion criteria: Patients >80 years living alone and/or with a relative of similar age. Those in whom the TUG test could not be carried out due to neurological alterations, trauma or rheumatic diseases were excluded from the final phase of the study; b) Final phase: prospective cohort study of the patients enrolled in 2013, followed until 2017. The electronic medical records were reviewed and once the cases were selected, patients were visited in their homes, and after obtaining the informed consent, collection of variables and performance of tests described below were performed.
Study Outcomes
Primary outcome:
To analyze factors (Lobo, Lawton-Brody, Barthel and TUG tests) involved in the development of falls in patients >80 years old years living alone and/or with a relative of similar age. Tests were conducted by primary care physicians.
In particular, the following specific outcomes were studied: a) Analysis of the frequency of falls b) Establishment of the intrinsic risk factors associated with a higher frequency of falls. c) Establishment of the predictive value of TUG test in the appearance of falls. d) Association between cognitive level (Lobo test) and risk of falls. e) Association between falls and the outcome regarding cognitive assessment (Lobo test), instrumental (Lawton-Brody tests) and basic (Barthel test) daily activities.
Secondary outcomes:
Correlation between the levels of vitamin D and frequency of falls among elderly patients and predictive value of death of Lobo, Lawton-Brody, Barthel and TUG tests.
Variables Analyzed
Dependent variables:
Number of falls; number of deaths.
Independent variables:
a) demographic (gender, age); b) Clinical characteristics: b.1) comorbidities: cardiological; neurological; respiratory; musculoskeletal system); metabolic/ endocrine diseases; b.2) biochemistry values: hemoglobin; glycemia; glycated hemoglobin (HbA1c)(%); iron; ferritin; transferrin; vitamin B12; folic acid; total proteins; albumin; thyroid stimulating hormone (TSH); cholesterol; triglycerides; uric acid; creatinine; vitamin D (this latter only during final phase); c) functional evaluation tests: Lobo, TUG, Barthel and Lawton-Brody tests; d) drug treatments associated with a greater risk of falls (only during final phase).
Instruments
TUG Test:
Validated test in which the patient is time while they rise from a chair, walk 3 m, turn around, return to the chair, and sit down again. A faster time indicates a better functional performance. Reported threshold values vary from 10 to 33 seconds (17).
Lobo Test (Mini Examen Cognoscitivo):
It is the Spanish validation/adaptation of the Folstein minimental state examination (MMSE), and consists of 35 items, and each correct answer is scored as 1 point. It evaluates six cognitive abilities (orientation, registration, attention and concentration, short-term memory and language), and takes 5-10 minutes to administer. The cutting point of advanced cognitive impairment stands at 24/35 points. The test has a sensitivity for diagnosis of 90.7% and a specificity of 69% (18).
Lawton-Brody Test:
It is a validated instrument to assess independent living skills. There are eight domains of function measured with the Lawton IADL scale. A summary score ranges from 0 (low function, dependent) to 8 (high function, independent) for women, and 0 through 5 for men (19) .
Barthel Index:
The Barthel index is a validated test that encompasses 10 items on motor tasks rated on a weighted ordinal scale with lower scores indicating more need for assistance to complete each activity. The maximum score is 100 points (90 if the patient is travelling in a wheelchair). The cutoff points are: a) 81-100, self-employed; b) 61-80, mild dependence; c) 46-69, moderate dependence, and d) <45, severe dependence (20, 21) .
Statistics
For quantitative variables that follow a normal distribution (analyzed by Kolmogorov-Smirnov test), mean and the standard deviation were used; otherwise, median and interquartile range. Qualitative variables were expressed by number and percentage. Student's t-test was used for comparison of two means in case of parametric quantitative variables and with homogeneous variances, otherwise, Mann-Whitney U test was used. Qualitative variables were compared using the chi-square test, with Fisher correction whenever needed. The ROC curve of the TUG test, its positive and negative predictive values, as well as the establishment of a cut-off to determine the risk of falls was determined during the final phase. For the evaluation of the independent association of risk factors for falls and mortality, a logistic regression test was carried out, introducing in the model those factors that had reached statistical significance in the bivariate analysis. For data analysis, SPSS statistical package, version 20.0 (SPSS Inc. Chicago, IL, USA) was used. A level of significance of 95% (p<0.05) was considered.
Results
Initial Phase
During the years 2013-2017, a total of 342 that patients fulfilled all the inclusion criteria, from a pool population of 984 patients, were selected. Of those, 247 signed the informed consent and were enrolled in the initial phase of the study. The demographic and clinical characteristics as well as the frequency of falls are summarized in Table  1 . The most common comorbidities were hypertension and rheumatic diseases, followed by diabetes mellitus and were not significantly associated with a higher risk of falls (p>0.005). With regards to functional evaluation tests, the profile of the elderly patient in this initial phase showed an acceptable cognitive level, with autonomy for the basic and instrumental daily life activities. Statistical significant differences were observed between those who have reported falls vs those who have not, with regards to cognitive level (Lobo test) and daily basic activities (Barthel test). As of TUG score, no significant difference was observed between the mean value of the fallers vs non-fallers (Table 2) . A significant positive correlation between age and TUG was detected, whereas a negative correlation was found between age and Lobo, Lawton-Brody and Barthel tests, respectively (Table 3) . Lobo, Lawton-Brody and Barthel tests correlated significantly with each other and negatively with TUG. Previous falls was significantly associated with a higher score in Lobo and Barthel tests as well as with a significantly higher concentration of hemoglobin (Table 2 ).
In Between Phase
Between the two phases, 108 individuals (43.7% of the 247 subjects who participated in the initial phase) died; 24 (9.7%) changed residence, 17 (6.8%) were admitted in nursing homes and eight (3.2%) withdrew informed consent. Among the deceased, no primary or secondary-related disease associated with falls was detected. The causes of the deaths included: cardiovascular disease (n=32, 30.2%); cancer (n=25, 23.3%); cognitive disorder (n=17 individuals, 15.1%); cerebrovascular disease (n=13, 11.8%); respiratory disease (n=9, 7.7%); gastrointestinal disease (n=8, 7.3%); diabetes mellitus (n=3, 7.3%) and renal disease (n=1, 2.1%). The deceased were slightly older than the survivors; the proportion of males was higher; Lobo, Lawton-Brody and Barthel tests' scores were lower and had lower cholesterol concentrations. No significant differences were observed regarding the presence of previous falls or the time in seconds spent in completing the TUG test between the two groups. In the multivariate analysis, the factors that were independently associated with mortality were male gender (p=0.016) and Lobo test score (p=0.002), respectively (data not shown).
Final Phase
A total of 90 patients were enrolled in the final phase (Table 1) . When compared to the initial phase, no statistically significant differences were observed with regards to demographic and biochemistry values. In addition, no significant differences were observed with regards to biochemistry values between fallers and non-fallers during the final phase. With regards to comorbidities, hypertension, diabetes and rheumatological diseases were the most prevalent. The presence of falls was not significantly higher in individuals who presented some of the most frequent comorbidities (data not shown).
With regards to functional evaluation tests, there was a significantly lower score on Lobo and Barthel tests among fallers vs non-fallers ( Table 2) . As for TUG test, when individuals were grouped according to the time required to conduct the test, and using the cut-off point of 25 seconds, it was observed that the frequency of falls was significantly higher in those that required longer time to conduct the test (p=0.039). The TUG cut-off value of 25 seconds had a sensitivity of 0.522 and a specificity of 0.746, respectively (Figure 1 ).
With regards to drug treatments, the mean number of drugs used was 6±4 (range=0- 19) . No statistically significant differences were observed between fallers and non-fallers as to type or number of treatments received (falls: mean treatments: 7.2±3.6 vs no falls: 5.8±3.4, p=0.109).
Functional Evaluation Tests and Vitamin D
Forty-seven (52.2%) individuals had low level vitamin D concentrations (˂20 ng/dL) during the final phase. A positive significant correlation between the serum concentration of vitamin D and the scores obtained in the Lobo, Lawton-Brody and Barthel tests and a negative correlation with the time in seconds required to complete the TUG test was observed ( Table 3) .
Initial Vs Final Phase
Falls
Only 14 individuals (15.5%) did not refer any fall during any of the two phases of the study. A total of 53 (79.1%) individuals that experienced falls during the baseline phase of the study did not experience any fall during the final phase of the study. Only five individuals (21.1%) reported falls during both study phases. The factors associated with the absence of recurrence of falls in those who had previously presented them compared to those who had a fall recurrence were analyzed. For that, the following variables were compared: age, gender, comorbidities, functional evaluation tests' scores and biochemistry determinations. No statistically significant differences were observed between the two groups with regards to any of the above parameters (data not shown).
Functional Evaluation Tests
The mean values for the initial phase and final phase tests are shown in Table 4 , detailing the data globally as well as in the two groups (individuals with and without falls in this final phase). The differences observed in each of the groups (with or without falls), except for TUG, were statistical significant. Both in the global group and in the two subgroups of individuals, during the four years between assessments, a significant deterioration occurred in each of the tests analyzed ( Table 2) .
Multivariate Analysis of Risk Factors for Falls
The only variable significantly associated with a risk of falls was Barthel test score (p=0.006).
Discussion
The present study analyzed the prognostic factors of falls in seniors. The population studied was older and included more women compared to previous studies (22, 23) . The frequency of falls was higher during the initial phase compared to the final phase. In addition, the frequency of falls observed during the final phase was significantly inferior to that reported by Rodriguez Molinero et al. (6) in a previous study conducted in Spain (50%). It could be assumed that the subjects participating in the final phase represent a subgroup of individuals with better functional status or they protected themselves better after having experienced prior falls.
Baseline comorbidities included hypertension, diabetes mellitus and rheumatic diseases. However, unlike in other studies, their presence was not associated with an increased risk of falls in any of the two phases studied, nor there was a significant increase in the risk of falls associated with the use of drug treatments that favor their appearance (4, 24, 25) . The analytical profile of the participants was within normal range. Different alterations may have been associated with falls; however, no meaningful association was found. In addition, low vitamin D concentration was not associated with a higher risk of falls, although more than 50% of the participants showed a vitamin D deficit. The efficacy of vitamin D supplements to reduce risk of falls in individuals with low vitamin D levels has been previously shown (26) . It is possible, as Bromfield et al. (27) argues, that it is not the underlying diseases or the treatment itself but the existence of a fragility criterion.
In the initial phase of the study, the parameters that were significantly associated with the presence of falls were a higher concentration of hemoglobin and a higher score in Lobo and Barthel tests. These findings are seemingly paradoxical. It could be justified given that those patients who have a cognitive deterioration or less capacity for the basic activities of the daily life or a certain degree of anemia move less, and therefore require greater care, thus reducing therefore the risk of fall. One aspect to emphasize is the analysis of the evolution during the in between phases period. While no significant analytical modifications were observed, however, a significant deterioration of the cognitive, functional and TUG tests was detected. This scenario has been previously described by several authors, who explain the worsening of the functional evaluation tests with the ''limited time mechanism'' theory, that is, the decrease in the speed with which cognitive processing operations can be executed influences the functionality or autonomy for the basic and instrumental activities of daily life (28) (29) (30) .
Finally, the different parameters, including the presence of falls, present in the initial phase on the mortality occurring between the two periods were analyzed. Mortality during the four years between the two phases was 43.7%, being the causes of the death expected in this age group (cardio-or brain-vascular disease, neoplasms and dementias). The factors associated with greater mortality were male gender and a lower score in the Lobo test, confirming the results of previous studies (31) (32) (33) (34) . In the present study the causes of death were mainly vascular diseases and neoplasms, and therefore, there is no clear explanation that justifies the relationship previously mentioned.
The results in the final phase of the study showed a significantly higher incidence of falls associated with a lower score of the Lobo and Barthel tests, as well as with the differences in the scores in Lobo, Barthel and Lawton-Brody tests reported between the initial and final phases. It can therefore be concluded that in real life the cognitive and functional tests are the ones associated with the risk of falls in senior population and not so much the comorbidities, treatments received or analytical alterations. Several studies confirm that cognitive impairment, associated with an altered result in the Lobo test, and functional dependency, measured by the Barthel and Lawton-Brody tests, are key predisposing factors for the emergence of falls (35, 36) .
One of the specific aims of the present study was to establish a cut off value of TUG that would identify the population with a greater risk of fall. In the initial phase of the study, the time to perform the TUG test did not differentiate those individuals who fell from those who did not. Only in the final phase a TUG cut off value of 25 seconds, that differentiated those who fell from those who did not, was established. The cut off value ranged from 12 to 16 seconds in prior studies (37, 38) . The results of the TUG test showed a negative correlation with Lobo, Barthel and Lawton-Brody tests. While the correlation with the latter two was as expected (lower speed in exercise, less capacity for instrumental and even basic activities of daily life), the relationship with Lobo test was less obvious. However, there are studies in the literature that analyzed the relationship between these parameters and have shown that, at least partially, alterations in cognitive tests are correlated with alterations in the speed or variability of gait (39, 40) .
Study Limitations
There are some limitations that should be mentioned. First, the number of patients that participated in the final phase is small (90 patients), that is, 36% of the initial sample, but it is also important to highlight that, none of the deaths during the in-between period (108 patients, 48%), were due to complications related to a fall. Second, the results might have been affected by recall bias (fall history was obtained using a questionnaire) as well as selection bias (participants may have had a stronger interest in learning about their risk of fall compared to their peers who did not choose to participate). In addition, all subjects were recruited from a single independent living community in the Southern region of Spain, so it may be difficult to generalize our results to older adults with different characteristics or from other countries.
Conclusion
It can be concluded that the predictive factors of falls in individuals >80 years of age are mainly those that evaluate cognitive ability and functional activities. Moreover, the evaluation of the cognitive status by a simple test like the Lobo test contributes to evaluate their vital prognoses.
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